Soybean (Glycine soia var Beeson) formate dehydrogenae has been isolated, purified, and partially characterized by affinity chromatography. The enzyme is a dimer having a total molecular weight of 100,000 and a subunit weight of 47,000. It has activity over a broad pH range, is stable for months at 4°C, and has K.values of0.6 millimolar and 5.7 micromolar for formate and NAD, respectively.
Formate dehydrogenase (formate:NAD oxidoreductase, EC 1.2.1.2) catalyzes the NAD-linked oxidation of formate to C02. The enzyme occurs in bacteria (6, 11) , yeast (16, 21) , plants (1, 4, 12, 18) , and animals (9) . It has been isolated and partially purified from mung beans (14) , yeast (16) , peas (9, 19) and Pseudomonas oxalaticus (1 1). The enzyme from the latter source has been used for the enzymic assay of formate and oxalate in biological systems (2, 7, 15) . In this study, formate dehydrogenase has been isolated and purified from soybeans in essentially a single step and has been partially characterized.
MATERIALS AND METHODS
The enzyme was assayed spectrophotometrically at 25°C by following the conversion of NAD to NADH at 340 nm with a recording spectrophotometer. The Ten g of the acetone powder were extracted overnight at room temperature with 5 volumes of 0.2 M dibasic sodium phosphate containing 1 mM EDTA and 2 mm ,B-mercaptoethanol. The dibasic sodium phosphate was required to maintain the pH on the alkaline side to prevent inactivation of the enzyme. The resulting crude suspension was centrifuged at 4C for 20 min at 47,000g, the pellet was discarded, and the supernatant containing the formate dehydrogenase was subjected to affinity column chromatography.
Employing a modification of the procedure of Uotila and Koivusalo (19) , approximately 10 units of the enzyme were applied to a 1.6-x 20-cm column of agarose-hexane-5' AMP previously equilibrated with 0.05 M sodium phosphate buffer (pH 7.5) containing 1 mM EDTA and 2 mM ,B-mercaptoethanol. The column was then washed with the equilibration buffer (0.4 ml/min) until most of the yellow color was removed and the A at 280 nm was less than 0.02. The equilibration buffer was made 0.15 M with NaCl and pumped through the column at 3 ml/min until the absorbance was less than 0.01. The NaCl concentration was increased to 0.35 M and 15-ml fractions were collected. Each fraction was assayed for formate dehydrogenase activity and the contents of the tubes containing the active enzyme were pooled. The pooled fractions were concentrated by ultrafiltration to 4 ml, dialyzed overnight against the equilibration buffer, and stored at 4°C (Table I) .
RESULTS AND DISCUSSION Disc electrophoresis in 7% (w/v) polyacrylamide gels (3) produced five tightly spaced protein bands each containing formate dehydrogenase activity. Enzymic activity on the gels was determined by incubating the gels in a test tube containing formate, NAD, nitro-blue tetrazolium, and phenazine methosulfate in 0.2 M sodium phosphate buffer, pH 7.5 (5, 20) . The active bands of formate dehydrogenase were spread further apart when separation was done on 5% (w/v) gels. An aliquot of the purified enzyme was tested for the presence of neutral sugars by the (19) suggest that the heterogeneity observed may be due to an artifact created during the purification process. Since both the enzyme from soybean reported here and the enzyme from peas were isolated by affinity chromatography and exhibit heterogeneity, while the enzyme from peas isolated by an alternate procedure not involving affinity chromatography gave a single band on electrophoresis, this is a strong possibility.
Formate dehydrogenase from soybean exists as a dimer in its natural state. The mol wt of the dimer was determined by disc electrophoresis in both 5% and 9% (w/v) polyacrylamide gels (3) and calculated from the retardation quotient (23) . The subunit mol wt was determined by SDS-polyacrylamide disc electrophoresis (22) . The subunit mol wt was approximately 47,000 D while the mol wt of the dimer was approximately 100,000 D.
Formate dehydrogenase retained complete activity when heated for 10 min at 50°C, but was inactivated at higher temperatures, losing 88% of its activity in 10 min at 60°C. The enzyme retained 90 to 98% of its activity when stored for 9 months at 4°C in 50 mm phosphate buffer (pH 7.5) containing 1 mM EDTA and 2 mM ,3-mercaptoethanol, but was quickly inactivated when stored at -10°C. No enzyme catalyzed activity was observed with methanol, ethanol, formaldehyde, malate, acetate, pyruvate, oxalate, ethylene glycol, acetone, and citrate, confirming the enzyme's specificity for formate. The enzyme from peas has some activity towards formate esters, but the Vm is much lower than for formate (19) . In contrast to the enzyme from P. oxalaticus, the enzyme from soybeans contained no formate oxidase activity.
The enzyme has a pH optimum at 6.0, but rapidly loses activity as the pH is moved toward the acid side. No activity is detected at pH 5.0 or lower. The enzyme is more stable at the alkaline pH, with 73% ofthe optimum activity being retained at pH 9.35 .
In kinetic studies, the initial velocities were determined for a series of concentrations of formate at several concentrations of NAD. Primary plots were made and the data obtained were analyzed by Multifit II, a general curve-fitting computer program (10) . The results indicated an ordered mechanism similar to that reported for the formate dehydrogenase from yeast (16) , mung beans (14) , and peas (13 (13) . The Km for formate is about 10-fold higher than the 0.077 mm reported for the enzyme from P. oxalaticus (15) , the enzyme most often used in the enzymic assay of formate and oxalate.
Soybeans, as a source of formate dehydrogenase for use in enzyme assays for formate and oxalate, offer several advantages. The continuous and wide availability of soybeans without the necessity of culturing, as is the case with microorganisms, is convenient. The one step isolation of the enzyme from soybeans in contrast to the multiple steps required with other sources is advantageous. In contrast to the enzyme from P. oxalaticus which contains formate oxidase preventing a stoichiometric reduction of NAD (8) , no formate oxidase activity is present in the enzyme from soybeans. However, the enzyme from P. oxalaticus is available commercially.
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